Many reports on an apple blue mold, Penicillium expansum, concerning the fruit spoilage under storage have been made from various angles [1][2][3][4][5][6][7][8] . However, information on the relation between the component of the fruit and the growth characteristic of the mold is limited. Therefore, this report deals with germination of the spore (conidia) of P. expansum, growth using fruit components, production of various enzymes and enzyme action for the fruit.
Germination of spore and decomposition of apple fruit tissue by hypha in Penicillium expansum
Takaaki FUJII Department of Bioproduction Science, Bioresources Chemistry, Chiba University (648 Matsudo, Matsudo-shi, 271-8510 Japan)
Summary
On Penicillium expansum, germination of the spore (conidia), growth using fruit components, production of various enzymes and enzyme action for apple fruit were examined. Xylan-and pectin-degrading enzymes were easily liberated in the buffer solution from the spore. The levels of these enzyme activities were largely affected by carbon sources in the sporogenesis culture medium. The spore harvested from the culture of the xylan medium showed the high xylanase activity and the spore from the pectin medium showed the high pectinase activity. The carbon source of germination medium and the enzyme level of the spore were related to the elongation of germ tube. The mold grew well in the medium containing xylan or pectin, and abundantly formed the spore. Unlike this, its growth using soluble sugars (glucose, fructose, sucrose) was poor. The mold produced gluconate from glucose, and glucose oxidase and catalase were produced in the culture broth. The fruit tissue remarkably browned, when it was incubated with glucose oxidase and catalase. This browning reaction was promoted in the presence of xylan-degrading enzyme. Two xylanases and -xylosidase were purified from the culture filtrate as homogeneous proteins. The reducing sugar was liberated from the fruit when it was incubated with these enzymes.
Key words : Penicillium expansum, apple blue mold, xylanase, pectinase (Received: February 9, 2004) spore harvested from the culture of the xylan medium showed the high xylanase activity and the spore from pectin medium showed the high pectinase activity. These spores could not germ in the inorganic salt medium without the carbon source. They could bud out in the inorganic salt medium adding the carbon source ( Table 2 ). The type of the carbon source and the enzyme level of the spore hardly affected the germinating rate. The carbon source of the germination medium and the enzyme level of the spore were related to the elongation of germ tube (Fig. 1) . On the spore possessing the high activity of xylanase, the elongation of the germ tube was good in the xylan medium. On the spore of the high pectinase activity, the elongation of the germ tube was good in the pectin medium.
The mold grew well using main fiber component [hemicellulose (the xylan was used), pectin] in the apple fruit, and abundantly formed the spore. Unlike this, the growth using main soluble sugar (glucose, fructose, sucrose) was poor and the spore was not formed in most. In the culture using these soluble sugars, pH was lowered, and organic acids were produced, such as gluconate from glucose.
From the culture which used xylan as a carbon source, the filtrate including the xylan-degrading enzyme without pectinase activity was obtained. From the culture which used pectin, the filtrate including the pectin-degrading enzyme without xylanase activity was obtained. When the apple fruit was incubated with these culture filtrates, it was proven that the xylan-degrading enzyme destroyed cell wall of the apple fruit tissue and there was an action of separating the cell from the fruit organization on the pectin-degrading enzyme. Besides, glucose oxidase and catalase were produced, when the mold was incubated in the medium containing glucose as a carbon source. The fruit tissue remarkably browned, when glucose oxidase and catalase worked to the fruit. This browning action was promoted in the presence of the xylan-degrading enzyme (Table 3) .
Two xylanases and -xylosidase of were purified from the culture filtrate of the mold. Xylanase I (Mr 21 kDa) formed xylose and various xylooligosaccharides from xylan. On the other hand, xylanase II (Mr 40 kDa) mainly formed xylose and xylobiose from the initial reaction stage. Although the apple fruit organization was not almost affected only by xylanase I and II, the reducing sugar was liberated from the fruit tissue when simultaneously, these xylanases and -xylosidase were incubated (Fig. 2) . From these facts, it was indicated that the tissue of the fruit was spoiled by the interaction of -xylosidase and xylanases.
The spore and hypha of P. expansum have the physiological characteristics which adapted to the component of the apple fruit like the above. A knowledge obtained in this study seems to be a foothold in clarifying why P. expansum is mainly isolated from rotted apple fruit under storage. 
